We present a two-dimensional mapping of stellar population age components, emission-line fluxes, gas excitation and kinematics within the inner ∼ 200 pc of the Seyfert 2 galaxy NGC 2110. We used the Gemini North Integral Field Spectrograph (NIFS) in the J and K bands at a spatial resolution of ∼ 22 pc. The unresolved nuclear continuum is originated in combined contributions of young stellar population (SP; age 100 Myr), a featureless AGN continuum and hot dust emission. The young-intermediate SP (100 <age 700 Myr) is distributed in a ring-shaped structure at ≈ 140 pc from the nucleus, which is roughly coincident with the lowest values of the stellar velocity dispersion. In the inner ≈ 115 pc the old SP (age> 2 Gyr) is dominant. The [Fe ii] λ 1.2570 µm emission-line flux distribution is correlated with the radio emission and its kinematics comprise two components, one from gas rotating in the galaxy plane and another from gas in outflow within a bicone oriented along north-south. These outflows seem to originate in the interaction of the radio jet with the ambient gas producing shocks that are the main excitation mechanism of the [Fe ii] emission. We estimate: (1) an ionized gas mass outflow rate of ∼ 0.5 M ⊙ yr −1 at ∼70 pc from the nucleus; and (2) a kinetic power for the outflow of only 0.05% of the AGN bolometric luminosity implying weak feedback effect on the galaxy.
INTRODUCTION
Detailed studies on the gas kinematics and excitation in the inner region (< 1 kpc) of active galaxies are necessary to better understand feeding and feedback processes of Active Galactic Nuclei (AGNs) and their effect on galaxy evolution. In addition, the mapping of the stellar populations age distributions in the vicinity of AGN is fundamental to investigate a possible relation between AGN activity and star formation.
In recent years, theoretical and observational studies have been carried out to investigate how the gas is transferred from galactic to nuclear scales (e.g. Knapen et al. 2000; Emsellem et al. 2001; Maciejewski et al. 2002; Crenshaw et al. 2003; Fathi et al. 2005; Davies et al. 2009; Schartmann et al. 2010; Hopkins et al. 2012; Schartmann et al. 2014) . For a recent review on observational constraints on the feeding of supermassive black holes, see Storchi-Bergmann & Schnorr-Müller (2019) . Gas inflows can either trigger star formation in the circumnuclear region of the galaxy and/or initiate an episode of nuclear activity. In fact, circumnuclear star forming regions are often observed in active galaxies (e.g. Morgan 1958; Sersic & Pastoriza 1967; Imanishi & Dudley 2000; Rodríguez-Ardila & Viegas 2003; Riffel et al. 2007 Riffel et al. , 2009b Riffel et al. , 2016 Hennig et al. 2018) .
For luminous AGN (L bol 10 43 erg s −1 ), the feedback processes -e.g. effect of the radiation and winds emitted from accretion disk on the host galaxy -are claimed to play an important role in the evolution of galaxies (Bower et al. 2006; Somerville et al. 2008) . However, for lower luminosity objects the effect of the AGN in the host galaxy is still an open question. Comparing the gas kinematics to the stellar kinematics, on scales from tens to hundreds parsecs, allows the mapping of AGN winds and their effect on the host galaxy properties.
One way to verify how this interaction occurs is through the study of the excitation and kinematics of the gas in the Narrow Line Region (NLR). Using the emission lines in the near-infrared (NIR), such as [Fe ii]λλ1.257, 1.644 µm, Paβ, Brγ and H 2 λ 2.1218 µm, one can map the main mechanisms of gas excitation as well as the kinematics of different gas phases. While some works point out a correlation between the [Fe ii] and the radio emission, indicating that the [Fe ii] emission in AGNs is originated by shocks due to radio jets (Forbes & Ward 1993; Blietz et al. 1994) , others argue that its emission is due to photoionization by the nuclear source (Simpson et al. 1996; Das et al. 2005 Das et al. , 2006 .
The mapping and characterization of the stellar populations (SPs) in active galaxies is needed in order to investigate the relation between nuclear activity and star formation, providing ingredients -such as star formation history (SFH) and star formation rate (SFR) -to constrain galaxy evolution models.
An advantage of using the NIR instead of optical observations is that the former allows the study of more obscured regions. This is due to the fact that the extinction is smaller in the NIR than in c 2019 The Authors optical bands, although the detection of spectral features of young stars in this spectral range is not an easy task (Maraston 2005; Riffel et al. 2007 Martins et al. 2013; Zibetti et al. 2013; Riffel et al. 2015; Hennig et al. 2018) .
By performing stellar population synthesis using models of evolutionary population synthesis (EPS), which include a suitable treatment of stars in the Thermally Pulsing Asymptotic Giant Branch (TP-AGB) phase (Maraston 2005) , it is possible to study in detail the properties of the stellar populations that dominate the NIR emission. This is due to the fact that these models include the contributions of molecules such as CN and TiO, characteristic of stars in this evolutionary phase.
Our group AGNIFS (for AGN Integral Field Spectroscopy), uses NIR data obtained with the Gemini NIFS instrument at the Gemini North Telescope. We have been finding, as a frequent characteristic of the circumnuclear SP of AGN host galaxies, an important contribution of an intermediate age (∼ 700 Myr) component (Riffel et al. 2010b (Riffel et al. , 2011 Storchi-Bergmann et al. 2012; Diniz et al. 2017; Dahmer-Hahn et al. 2019; Dametto et al. 2019) .
In this work, we use NIFS observations to map the gas excitation and kinematics, as well as the stellar populations, of the inner 200 pc radius of NGC 2110, an SO galaxy hosting a Sy 2 nucleus and located at a distance of 30.2 Mpc (from NED 1 , derived assuming a redshift of 0.007789 and H 0 = 73 km s −1 Mpc −1 ), for which 1 ′′ corresponds to 146 pc. In a previous study (Diniz et al. 2015) , we used observations in the K band to map the molecular and ionized gas kinematics. The flux distributions of H 2 and Brγ emission lines were found to be distinct: while the H 2 emission is observed over the whole field of view (3 ′′ × 3 ′′ ), the Brγ emission is collimated along PA≈ −30
• . The gas kinematics revealed inflows towards the nucleus along spiral arms as well as a compact outflow within the inner ≈ 70 pc. The derived mass inflow rate and outflow rates in warm molecular gas (that originates the K-band H 2 emission) are ≈ 5 × 10 −4 M ⊙ yr −1 and ≈ 4 × 10 −4 M ⊙ yr −1 , respectively. We concluded that the main H 2 excitation mechanism is heating of the gas by X-rays emitted from the AGN. Durré & Mould (2014) have also recently presented NIR IFS of the central region of NGC 2110 using J-band data obtained with the Keck I OSIRIS instrument and reported the detection of star clusters along with a 90×35 pc bar of shocked gas around the nucleus of NGC 2110. They derived a star formation rate of 0.3 M ⊙ yr −1 and argue that the star formation is triggered by the AGN feedback.
Optical IFS of the inner 1.1×1.6 kpc 2 (7 ′′ ×10 ′′ ) obtained with the Gemini GMOS instrument by Schnorr-Müller et al. (2014) , revealed four kinematic components: (i) a cold gas disk (with velocity dispersion (σ) in the range 60-90 km s −1 ) consistent with the H 2 kinematics of Diniz et al. (2015) , (ii) a warm gas disk (σ = 100 − 220 km s −1 ), (iii) a nuclear outflow (σ = 220 − 600 km s −1 ) and (iv) a cloud (σ = 60 − 80 km s −1 ), which was identified as "the northen cloud". In agreement with Diniz et al. (2015) , these authors identified both inflowing and outflowing gas. They derived a ionized gas mass inflow and outflow rates of ≈ 2 × 10 −2 M ⊙ yr −1 and ≈ 0.9 M ⊙ yr −1 , respectively. This paper is organized as follows: in Section 2 we describe the observations and data reduction procedures, Section 3 presents two-dimensional maps for the emission-line fluxes, gas kinematics, flux ratios and contributions of the stellar populations to the 1 NASA/IPAC extragalactic database observed continuum emission. The results are discussed in Section 4 and Section 5 summarizes the conclusions of this work.
OBSERVATIONS, DATA REDUCTION AND ANALYSIS
Two-dimensional NIR spectroscopic data were obtained at the Gemini North Telescope with the Near Infrared Integral Field Spectrograph (NIFS; McGregor et al. 2003) , under the programmes GN-2010B-Q-25 and GN-2015B-Q-29. NGC 2110 is part of the sample of the Brazilian Gemini Large Program "NIFS survey of feeding and feedback processes in nearby active galaxies" (P.I. Storchi-Bergmann) described in Riffel et al. (2018) and aimed to obtain J and K bands IFS of a sample of 20 nearby AGNs. NIFS has a square field of view of 3 ′′ ×3 ′′ , which corresponds to ∼ 440 × 440 pc 2 at NGC 2110. The data reduction was accomplished using tasks contained in the nifs package, which are part of gemini iraf package, as well as standard iraf tasks and Interactive Data Language (IDL) routines. The process followed the standard procedure of NIR spectroscopic data reduction described in previous works (e.g. Diniz et al. 2015; Riffel et al. 2017) . The K band datacube was already used in Diniz et al. (2015) and Riffel et al. (2017) to study the molecular gas and stellar kinematics. The final data cubes were created with a spatial sampling (spaxel) of 0.
′′ 05 × 0. ′′ 05. We have used the long-slit nuclear spectrum of NGC 2110 presented by Riffel et al. (2006) to cross-calibrate the J and K bands in the NIFS data. The long-slit spectrum was obtained with the instrument SpeX of the NASA 3 m Infrared Telescope Facility (IRTF) within an aperture of 0.
′′ 8×1. ′′ 6 with the slit oriented along PA= 20
• using the short cross-dispersed mode that covers the spectral range from 0.8 to 2.4 µm. We have extracted the J and K NIFS spectra within the same aperture of the SpeX spectrum, and then scaled them to the same fluxes. In Figure 1 we present the comparison of the final NIFS nuclear spectrum with that of Riffel et al. (2006) . Both the continuum and emission-line fluxes are consistent between NIFS and SpeX data. The spatial resolution, as obtained from the full width at half maximum (FWHM) of the brightness profile of the telluric standard star, is 0.
′′ 13 and 0. ′′ 15 for the J and K band, respectively. The spectral resolution is ∼ 46 km s −1 for both J and K bands, as obtained from the typical FWHM of the arc lamp lines.
Spectral synthesis
The integrated spectrum of an active galaxy consists of several components, such as stellar, gas and dust emission, as well as the AGN torus and accretion disk components. The synthesis process combines a set of spectra of Simple Stellar Populations (SSPs) as well as models for the AGN components, as part of the base of elements used to reproduce the galaxy spectrum. The process allows to retrieve information on the percent contribution of components of different ages and metallicities, as well as of the AGN components.
We performed spectral synthesis using the starlight code (Asari et al. 2007; Cid Fernandes et al. 2004 in order to quantify the contribution of each component to the spectrum of each spaxel. The code fits the continuum and absorption features of the spectrum by a combination in different proportions of each SSP and AGN components in the base.
We have used the SSP models of Maraston (2005), which are described in Riffel et al. (2009) , because they include empirical data with contribution from stars in the TP-AGB phase. This Figure 1 . Comparison of the NIFS (red continuum line) nuclear spectrum after calibration of the datacubes using the IRTF SpeX spectrum of Riffel et al. (2006) . Both spectra were obtained with an aperture of 0. ′′ 8×1. ′′ 6 oriented along PA= 20 • .
is important because the NIR range presents certain molecular absorption features, such as CN, CO, VO, ZrO and TiO, which are attributed to evolved stars belonging to the Red Giant Branch (RGB) and these TP-AGB stars (e.g. Riffel et al. 2015) .
The SSPs comprise 12 age components (t = 0.01, 0.03, 0.05, 0.1, 0.2, 0.5, 0.7, 1, 2, 5, 9, 13 Gyr) and 4 metallicities (Z = 0.02, 0.5, 1, 2 Z ⊙ ), together with black-body (BB) functions for temperatures in the range 700 − 1400 K in steps of 100 K and a power-law (F ν ∝ ν −1.5 ), in order to account, respectively, for possible contributions from hot dust emission (the AGN torus) and from the AGN.
In short, the starlight code uses a combination of numeric methods to determine the stellar mass, extinction (A V ), ages, metallicities, radial velocity and stellar velocity dispersion . For each observed spectrum, the synthesis process generates a list of parameters and a synthetic spectrum. The J-and K-band datacubes were combined using the peak of the continuum emission as reference, and in order to increase the signal-to-noise ratio of the spectra, we have rebined the combined datacube to 0. ′′ 15×0. ′′ 15 spaxels before performing the spectral synthesis.
Emission-line fitting
In order to map the emission-line flux distributions, centroid velocities and velocity dispersion, we have fitted the line profiles with Gaussian curves. The corresponding maps for the K-band emission lines were already presented in Diniz et al. (2015) ; here we focus on the J-band. The J-band spectra of NGC 2110 present strong emission of [P ii] at 1.1886 µm, [Fe ii] at 1.2570 µm and Paβ at 1.2822 µm. We have used the profit routine (Riffel 2010a ) to fit the emission-line profiles. This routine uses the MPFITFUN routine (Markwardt et al. 2009 ) to perform a nonlinear least-squares fit and outputs measurements for the flux, centroid velocity and velocity dispersion of each fitted emission-line at each spaxel, as well as their corresponding uncertainties. We do not subtract the stellar population contribution before the fitting of the emissionline profiles, as the SSP models available in the NIR spectral range have much lower spectral resolution than the NIFS data. Indeed, the expected effect on the emission-line fluxes is within the uncertainties (Martins et al. 2013; Dametto et al. 2014) . The continuum underneath each line is fitted by a first order polynomial, as each emission-line is fitted separately and only a small spectral range is included in the fit.
In Figure 2 we show examples of the J-band spectra extracted within circular apertures with radius 0.
′′ 25, centered at the locations of the spectra shown in Figure 1 of Diniz et al. (2015) . The first spectrum corresponds to the nucleus, the second to a typical extra-nuclear position, the third to a region of enhanced H 2 emission and the last to a location of enhanced Brγ and Paβ. All spectra present emission lines [P ii]λ1.1886 µm, [Fe ii]λλλ1.2570,1.2946,1.3209 µm and Paβλ1.2821 µm, which can be used to map the kinematics and excitation of the emitting gas.
RESULTS

Stellar populations
The top two panels of Figure 3 display two examples of fits resulting from the spectral synthesis using the starlight code. The observed spectra are shown in black, normalized by the flux at 2.1955 µm and extracted within apertures of 0.
′′ 15×0. ′′ 15. The spectrum of the top panel is centered at the nucleus -defined as the location of the continuum peak -and the one of the lower panel is centered at 1 ′′ west of the nucleus and is representative of typical extra-nuclear spectra. The best model synthesized via the starlight code is shown in red. During the fit of the spectra, emission lines and spurious features (e.g. remaining telluric features or bad pixels) were masked out. The gray shaded region in the spectra of Figure 3 were not synthesized as we do not have observations in the H band.
Using the output from starlight for each spaxel of the datacube we constructed maps for the percent contributions in flux and stellar mass of each stellar population component found in the galaxy spectra. Although the base of components has SSP models for 12 different ages, we binned the contributions into only four age components. This procedure is recommended by Cid Fernandes et al. (2005b) and has been used previously by our group, since the separation of components with very similar ages and metallicities is not well constrained. Therefore, the maps of the stellar population components percent contribution, weighted by the flux comprise the following age ranges: young Figure 2 . Sample of spectra in the J-band, in arbitrary flux units per wavelength, corrected for Doppler shift and extracted within a circular aperture of radius 0. ′′ 25. The locations relative to the nucleus are the same of the spectra shown in Figure 1 of Diniz et al. (2015) . (x y : t 100 Myr); young-intermediate (x yi : 100 < t 700 Myr); intermediate-old (x io : 700 Myr < t 2 Gyr) and old (x o : 2 < t 13 Gyr). Similarly, the mass-weighted (m y , m yi , m io , m o ) component maps were constructed for the same age ranges.
In Figure 3 we also present the maps for the percent contributions in flux (middle panels) and mass (bottom panels) of the SPs for NGC 2110. We used the mean percent deviation over all fitted pixels, defined as Adev = |O λ − M λ |/O λ , to exclude regions of poor fits. O λ is the observed spectrum and M λ its corresponding best model. Regions with Adev > 12 % were masked out in the maps and are shown in grey. The cutoff Adev value was determined by eye inspection of the resulting fits. The maps for the young-intermediate population clearly show an increase of contributions with the distance of the nucleus, delineating a ring-shaped structure surrounding the nucleus with a radius of ∼ 1 ′′ . Inside the ring the old population (right panels) shows flux and mass contributions of up to 70% and 100%, respectively. The intermediate-old population maps do not present significant contributions to the observed fluxes and masses. For the young population a contribution of up to 30% in flux and mass is observed at the nucleus and in some "knots" to the north and northwest of the nucleus at distances ∼ 1 ′′ , thus co-spatial with the ring mentioned above.
Besides the flux and mass contributions of the SPs, the starlight code outputs also the contributions of the featureless continuum (FC) and BB components to the light at 2.2µm. The corresponding maps of these components are shown in Figure 4 , together with maps for the color excess [E(B−V)] and Adev. In order to construct the map for the BB percent contribution, we have summed the contributions of all black-body functions in the base. The FC and BB maps show a nuclear unresolved structure, with contributions of up to 10% and 35% , respectively. Such unresolved structure is expected in AGN considering the spatial resolution of the NIFS data (0. ′′ 15 or 20 pc), the FC due to continuum emission from the accretion disk and the BB due to emission from the putative dusty torus. The Adev parameter -that measures the quality of the fit -present values smaller than 7 % at most locations, indicating the resulting fits reproduce well most of the observed spectra. Diniz et al. (2015) have already presented the maps for the K-band emission lines, we present again the H 2 λ2.1218 µm maps to allow a comparison of the emission distribution and kinematics of the ionized and molecular gas. We have excluded regions where the measurements have uncertainties larger than 50% in flux and larger than 50km s −1 in the centroid velocity or velocity dispersion. The masked regions are shown in gray in the flux and velocity dispersion maps, and in white in the velocity maps.
Emission-line flux distribution and gas kinematics
The flux distributions of all lines peak at the nucleus, adopted as the location of the continuum peak emission, indicated by a cross in the maps. In order to evidence also the emission of lower flux structures, we have used a logarithmic scale in the maps. These maps show that the flux distributions of distinct emission lines are clearly different from each other. The molecular gas emission is observed over the whole field of view (FOV) presenting two regions of strongest emission, one at the nucleus and other at ∼0.
′′ 7 north of it. Paβ shows extended emission mostly along the southeastnorthwest direction, similarly to the Brγ flux distribution presented in Diniz et al. (2015) . The [Fe ii] flux map presents also a collimated structure, but oriented along the north-south direction. The [Fe ii] emission seems to follow the direction of the radio jet, as indicated by the white contours overlaid to the [Fe ii] flux and σ maps. The radio emission contours are from the 6 cm image of Ulvestad & Wilson (1984) , obtained with the Very Large Array (VLA). The white rectangles shown in the [Fe ii] flux and σ maps delineate the FOV of the Keck OSIRIS observations used by Durré & Mould (2014) , which will be discussed in Sec. 4. [P ii] shows a similar flux distribution to that Paβ, although weaker thus apparently less extended.
The centroid velocity maps are shown in the middle row of panels of Figure 5 . The color bars show the velocity values in units of km s −1 , relative to the systemic velocity (2332 km s −1 , corrected to the heliocentric rest frame), which was determined from the fit ′′ west of the nucleus (in black) compared to the synthesized spectra in red. The gray shaded region corresponds to the H-band spectrum that was not observed. The insert shows a zoom of the CO stellar absorption region. For the nucleus, we show the flux contributions of the SP (25 % at 2.2 µm), BB (70 %) and FC (5 %) components separately. Bottom two row of panels, from left to right: in the top row, percent contributions to the 2.2µm continuum of young (x y 100 Myr), young-intermediate (100 < x yi 700 Myr), intermediate-old (700 Myr < x io 2 Gyr) and old (2 < x o 13 Gyr) age components; in the bottom row, we show the corresponding percent mass contributions (m y , m yi , m io and m o ). of the stellar velocity field (for more details see Diniz et al. (2015) ). The H 2 velocity field was already discussed in Diniz et al. (2015) and suggest the presence of three components: (i) a rotation pattern with blueshifts to the north and redshifts to the south and a velocity amplitude of ∼ 250km s −1 ; this rotation pattern is similar to that seen for the stars (Diniz et al. 2015; Riffel et al. 2017) ; (ii) gas inflows along nuclear spirals to the north and south of the nucleus and (iii) a compact biconical outflow along the east-west direction, seen within the inner 0.
′′ 5. The Paβ velocity field is similar to that of Brγ shown in Diniz et al. (2015) , but as the line is stronger we were able to fit it over a larger region than for Brγ. As for the H 2 , the Paβ velocity field shows blueshifts to the northwest and redshifts to the southeast of the nucleus, which is consistent with rotation in the plane of the galaxy. However, for Paβ the components (ii) and (iii) reported above are not seen. The rotation component seems also to be present in the [Fe ii] velocity field, but this line kinematics shows additional components, such as the blueshifts at the nucleus and redshifts to the east and northeast of the nucleus.
The bottom panels of Figure 5 show the σ maps. For H 2 , the highest values (∼150km s −1 ) are observed at the nucleus and along PA∼45
• /225
• , adjacent from the location of the "kinematic spiral" (systematic residuals relative to a rotation pattern following the shape of spiral arms) seen in the H 2 velocity field (Diniz et al. 2015) . The Paβ shows the highest σ values (∼180 km s −1 ) at the nucleus, while in the extra-nuclear region the values are similar to those of H 2 . Although the [P ii] σ map is noisier, as pointed out above, the σ values are similar to those of Paβ. The [Fe ii] σ map presents overall higher values, of up to 300 km s −1 , with the highest ones seen at the nucleus, while at most locations σ > 150 km s −1 .
Emission-line ratios
In order to investigate the excitation mechanisms of the [Fe ii] emission lines, we constructed the line ratio maps shown in Figure 6 . In each panel, grey regions correspond to masked locations where we were not able to fit one or both lines of the corresponding ratio map, following the same rejection criteria described above. For [Fe ii] λ 1.2570 µm/Paβ, the values range from 1 to 10. The highest ones seem to be correlated with the radio contours, while the lowest ones are seen at ∼0.
′′ 7 northwest and ∼0. ′′ 8 southeast of the nucleus. At the nucleus this ratio is ≈ 6.
Although the [Fe ii] λ 1.2570 µm/[P ii] λ 1.1886 µm map is noisy, values of up to 30 can be observed, with the highest ones surrounding the radio structures and the lowest ones (≈ 7) at similar locations where the [Fe ii] λ 1.2570 µm/Paβ ratio map also presents its lowest ratios.
The E(B − V) map shown in the right panel of Figure 6 was constructed using the Paβ/Brγ emission-line ratio, via the following equation:
where F Paβ and F Brγ are the fluxes of Paβ and Brγ emission lines, respectively. We used the reddening law of Cardelli et al. (1989) and adopted the intrinsic ratio between Paβ and Brγ of F Paβ /F Brγ = 5.88, corresponding to case B at the low-density limit (Osterbrock & Ferland 2006) for an electron temperature of T e = 10 4 K. As shown in Diniz et al. (2015) , the Brγ emission is detected only in a strip along the northwest-southeast direction. Thus, we map the reddening only at these locations. The corresponding E(B − V) map for NGC 2110 displays the highest values of 2 mag, while the mean E(B − V) value is ≈ 1.4 mag.
DISCUSSION
Distribution of the stellar populations
The distribution of the stellar populations of NGC 2110 (Figure 3) indicates the old population contributing most to the observed continuum emission within the inner ≈0.
′′ 8 (≈120 pc), while the intermediate-age stellar population shows a ring-shaped structure at larger distances from the nucleus. The young stellar population presents the highest flux contributions at the nucleus and close to the borders of the FOV, in the external borders of the ring seen in the intermediate age component.
The presence of an old stellar population around the nucleus of NGC 2110 is in good agreement with previous NIR ) and optical (González Delgado et al. 2001; Raimann et al. 2003) studies. This is also consistent with results found by our group for others Seyfert galaxies -Mrk 1066 (Riffel et al. 2010b ), Mrk 1157 (Riffel et al. 2011 ), NGC 1068 (Storchi-Bergmann et al. 2012 and Mrk 573 ) -using NIR integral field spectroscopy.
The flux contributions of the young stellar population in the central region of NGC 2110 are co-spatial with locations where the H 2 emission is more intense (Figure 5) . A similar correlation between the young population and the molecular gas distribution was previously observed for NGC 1068 (Storchi-Bergmann et al. 2012) , indicating that the molecular gas represents the circumnuclear gas ′′ 2. Our J-band continuum (Figure 7 emission image constructed from the NIFS datacube in the same spectral range (1.228-1.289 µm) used by them, does not show any clear knot of emission associated to the unresolved regions seen in their continuum image. The discrepancy between OSIRIS and NIFS continuum images is possible due to a slightly better angular resolution of the OSIRIS data. On the other hand, a young stellar population component is found in our spectral synthesis (Figure 3 ), but it should be noted that our spectral base does not include SSP components younger than 10 Myr. Furthermore, reddened young stars of age of a few million years are indistinguishable from an FC component.
The 150 pc radius ring-shaped structure observed in the young-intermediate stellar population component both in flux and mass seems to be weakly correlated with the lowest stellar velocity dispersion (σ ⋆ ) values presented in Diniz et al. (2015) and Riffel et al. (2017) . Similar rings of young/intermediate-age stellar populations associated to low σ ⋆ have been previously reported by our group for other Seyfert galaxies (Riffel et al. 2010b (Riffel et al. , 2011 Diniz et al. 2017; Dametto et al. 2019) , suggesting that this may be a frequent characteristic of the central region of AGN. A possible scenario for this is: if there is plenty of gas moving towards the central region of the galaxy, this gas may find suitable conditions for the formation of new stars in the inner few 100 pc. Part of this gas will continue falling towards the center, and/or the mass loss from the recently formed massive stars will move inwards triggering and feeding an AGN there. Low σ ⋆ rings, seen in the central region of AGNs would thus be originated in intermediate-age stars, which have formed from low-velocity dispersion gas, tracing the cold kinematics of the gas cloud that formed them .
Flux and mass contribution maps of each stellar population component (Figure 3) show that the old population contributes most inside the young-intermediate age ring, while the young stellar component is found within ≈0.
′′ 5 (∼70 pc) from the nucleus and also at the outer borders of the ring.
Extinction
The average reddening value for the gas (right panel of Figure 6 ) is E(B − V) ∼ 1.4 mag, while for the stars (third panel of Figure 4 ) E(B − V) ∼ 0.8 mag. In fact, a larger reddening is expected for the gas than for the stars, since the former should be concentrated in the galactic disk, while the stars reach higher latitudes in the galaxy bulge, where the reddening is lower (Calzetti et al. 1994) .
Our E(B − V) map for the gas is in good agreement with previous estimates using the [Fe ii] λ1257/λ1644 flux ratio (Durré & Mould 2014) and using the Paβ and Brγ fluxes (Storchi-Bergmann et al. 1999 ) from long-slit spectra.
The stellar E(B−V) values obtained by us are larger than those obtained by Raimann et al. (2003) (∼ 0.4 mag) using optical observations, but they are consistent with those reported by Riffel et al. (2009) (∼ 0.6 mag) from NIR data. Higher reddening values determined using NIR data as compared to those using optical determinations can be interpreted as due to the fact that NIR observations are less affected by dust extinction and thus probe more obscured regions immersed in the plane of the galaxy (Martins et al. 2013; Riffel et al. 2015a ).
Hot dust emission and AGN Featureless continuum
Our synthesis results detected a small contribution (10 %) of the power-law FC component, which is associated with the radiation from the accretion disk. Although the FC component is expected to be more important at shorter wavelengths, it is usually necessary to properly fit the NIR spectral energy distribution as well. Riffel et al. (2009) presented spectral synthesis of the nuclear NIR spectra of a sample of 24 Seyfert galaxies and found that at least 50% of the Seyfert 2 and 60% of the Seyfert 1 require a power-law component to properly fit their spectra. For NGC 2110, they found a contribution of FC=33.6% to the flux at 1.2 µm, which translates to about 13% at 2.2 µm (our normalization point). Thus, our result is in good agreement with those of Riffel et al. (2009) .
We found that the hot dust emission, traced by the BB component, contributes with 35% of the 2.2 µm unresolved nuclear continuum emission. This value is larger than that found by Riffel et al. (2009) of only 1% at 1.2 µm. In addition, the spatial resolution of our data is about one order of magnitude better than those of Riffel et al. (2009) , which allow us to better probe the unresolved dust emission. Similar discrepancies of the nuclear contributions of BB components between high and low resolution data have already been reported for other objects (e.g. Riffel et al. 2010b ). To determine the average dust temperature, we fitted an integrated spectrum extracted within an 0.
′′ 3 radius aperture centred at the peak of the continuum emission. Three dust components were used by starlight in the fit (with temperatures of 1200, 1300 and 1400 K) and the resulting dust temperature is ∼1340 K, obtained by computing an average temperature weighted by the integrated flux contribution of each component.
From the contributions of the BB components to the observed continuum we can estimate the mass of the hot dust that originates these components. The total mass of hot dust (M HD ) at the nucleus of NGC 2110 was estimated following Riffel et al. (2009) , using the formalism of Barvainis (1987) and assuming the dust composed by grains of graphite.
The IR spectral luminosity of each dust grain, in erg s −1 Hz −1 , can be written as
where a = 0.05 µm is the grain radius, Q ν = 1.4×10 −24 ν 1.6 is its absorption efficiency and B ν (T gr ) is its spectral distribution assumed to be a Planck function for a temperature T gr .
The total number of graphite grains can be obtained from
where L HD ir is the total luminosity of the hot dust, obtained by integrating the flux of each BB component contribution from the synthesis. Then, we multiplied the integrated normalized flux by the normalization flux at 2.1955 µm, and converted it to the correct units. In order to obtain L gr ir , we have integrated the Eq. 2 for all temperatures, ranging them from 700 to 1400 K, in steps of 100 K.
Under these assumptions, M HD can be obtained by (e.g. Rodríguez-Ardila et al. 2005a):
where ρ gr = 2.26 g cm −3 is the density of the grain. The total dust mass estimated for the nucleus of NGC 2110 is M HD ∼ 3 × 10 −2 M ⊙ , which is within the range of masses obtained for 
Gas excitation
A widely studied issue in the NIR is how to determine the main mechanism that originates the lines of [Fe ii] and H 2 . In Diniz et al. (2015) we conclude that the H 2 emission is due to thermal processes (heating of the gas by X-rays from the AGN and/or shocks), with an excitation temperature in the range ∼ 2100 − 2700 K. Here we discuss the origin of the [Fe ii] emission.
The [Fe ii] emission lines can be produced by collisional excitation due to the heating of the gas by shocks (Hollenbach & McKee 1989) or by X-rays from the AGN (Maloney al. 1996) . The key point is to determine whether the excitation of [Fe ii] is due to X-rays or shocks. As pointed out in Sec. 3.2, the kinematics of the [Fe ii] emitting gas reveals a distorted velocity field, higher σ values and the flux distribution correlated with the radio jet, supporting the contribution of shocks to the [Fe ii] emission (see Sec. 4.5 for more details on the interpretation of the gas kinematics).
One Figure 6 ) presents values higher than 2 for most of the observed field, with the highest ones being co-spatial or surrounding the radio structure. This suggests that the radio jet plays an important role in the origin of the [Fe ii] emission.
The conclusion above is also supported by the [Fe ii] λ 1.2570 µm/[P ii] λ 1.1886 µm map shown in the central panel of Figure 6 . These lines have similar ionization temperatures, with their parent ions presenting similar ionization potentials and radiative recombination coefficients. In H ii regions, where shocks are not important, the [Fe ii]/[P ii] ratio is ∼ 2. For supernova remnants, where shocks are the dominant excitation mechanism, line ratios are typically larger than 20 (Oliva et al. 2001) . In this case, fast shocks have passed through the gas destroying the dust grains, releasing the Fe and thus enhancing its abundance and its emission. The same can happen in the central region of active galaxies, where nuclear jets can produce shocks (e. Thus, based on the observed emission-line ratios, as well as on the correlation among the σ values, flux distribution and the radio structure, we conclude that the main excitation mechanism of [Fe ii] in NGC 2110 are shocks produced by the interaction of the radio jet with the ambient gas. Rosario et al. (2010) have concluded that the radio jet escapes the disk towards high latitudes and a direct interaction of the gas near the plane of the galaxy with the radio jet would be unlikely. However, the spatial resolution of our data (∼30 pc) is better than theirs, resolving structures smaller than the disk scale height. We have thus apparently been able to probe this interaction via the [Fe ii] emitting line. Our proposed scenario is thus that the radio jet is pushing away gas from the disk of the galaxy in the vicinity of the AGN, launching it to larger latitudes above the plane of the galaxy.
Gaseous Kinematics
Previous studies of NGC 2110 at optical and NIR wavelengths have shown a complex gas kinematics in the central region of the galaxy. Asymmetries in the rotation curve of the galaxy and distinct kinematic components have been observed (e.g. Storchi-Bergmann et al. 1999; Knop et al. 2001; González Delgado et al. 2002; Ferruit et al. 2004; Schnorr-Müller et al. 2014; Diniz et al. 2015) . In Diniz et al. (2015) we found that the H 2 emitting gas shows three distinct kinematic components: gas rotation in the plane of the disk, streaming motions towards the center along nuclear spiral arms and a compact outflow within the inner 70 pc oriented along the east-west projected direction. The disk component and the compact outflow are also observed using optical IFS (Schnorr-Müller et al. 2014) , which reveals also a warm -higher velocity dispersion -disk and a high-latitude cloud observed in blueshift at 1.
′′ 5-4 ′′ north of the nucleus.
Although all velocity fields of the emitting gas ( Figure 5 ) show an overall similar rotation pattern, with blueshifts to the northwest and redshifts to the southeast, it can be clearly seen that distinct emission lines present somewhat distinct kinematics. The σ maps show that at most locations the H 2 presents the lowest σ values, followed by Paβ and [P ii], with [Fe ii] presenting the highest values, which seem to be correlated with the radio emission. The velocity field of the molecular gas -already discussed in Diniz et al. (2015) -is completely distinct from that of the ionized gas, and differences between the velocity fields for the [Fe ii] and H recombination lines are also clearly present.
The Paβ kinematics is similar to that of Brγ from Diniz et al. (2015) and consistent with the presence of the warm gas disk component detected by Schnorr-Müller et al. (2014) . The velocity fields are dominated by rotation in the galaxy disk and their emission can be attributed as being due to the heating and ionization of the gas by the AGN radiation.
Comparing our [Fe ii] λ 1.2570 µm kinematic maps with those obtained by Durré & Mould (2014) for the same emission line, we find that they are consistent each to other, considering that the spatial orientation of the maps originally published is incorrect. Their maps are rotated by 90
• , to have the north-south direction along the y-axis (Durré, M., private communication) . Considering this, it can be noticed that both their and our σ maps show a correlation with the radio structure, which is clearly observed as enhanced σ values surrounding the radio structure. It is worth noticing that our [Fe ii] kinematics is similar to that of the [N ii] nuclear component detected by Schnorr-Müller et al. (2014) , although the spatial resolution of our data is about 5 times better than theirs. Recently, Rosario et al. (2019) presented the Atacama Large Millimeter Array (ALMA), Hubble and Spitzer Space Telescopes, and the Very Large Telescope/SINFONI observations of NGC 2110 and found that the cold molecular gas presents a lacuna co-spatial with the highest emission of ionized and hot molecular gas, indicating that the AGN is directly influencing the properties of the cold molecular gas. In summary, we have found that: (i) the [Fe ii] emission is oriented along the radio jet; (ii) its velocity dispersion map shows enhanced values surrounding the radio structures; (iii) the emissionline ratios support the presence of shocks and (iv) the [Fe ii] velocity field shows distortions relative to a rotating disk. Considering all this, we suggest that besides rotation, the [Fe ii] kinematics supports the presence of an additional outflowing component due to the interaction of the radio jet with the ambient gas. The interaction of the radio jet with the ambient gas is supported by its observed orientation (which is displaced by 29
• from the major axis of the galaxy and inclined by 40
• relative to the plane of the sky , Pringle et al. 1999) , supporting an interception with the disk of the galaxy for typical disk scale heights. This is also consistent with the CO emission distribution presented by Rosario et al. (2019) and similar results for the gas kinematics have been observed also for other Seyfert galaxies (e.g. Ferruit et al. 1999; Rosario et al. 2010; Riffel et al. 2006 Riffel et al. , 2015b .
The mass outflow rate
Aiming to isolate the outflowing gas component in the [Fe ii] kinematics, we have used the rotating disk model for the molecular gas (which is dominated by rotation) presented in Diniz et al. (2015) to construct a residual map between the observed [Fe ii] kinematics and this model under the assumption that the rotation component should be similar for both gas species. The residual map clearly shows excess blueshifts at the nucleus and to the south and redshifts to the north, with absolute values of up to 200 km s −1 , mainly oriented along the radio structure. These residuals, together with the correlation of the [Fe ii] λ 1.2570 µm fluxes, σ values and line ratios with the radio structure lead us to interpret that the residuals are tracing a biconical outflow possibly originated from interaction of the radio jet with the [Fe ii] emitting gas. This conclusion is supported by previous studies of other similar objects, which have shown the [Fe ii] has a more disturbed kinematics than the molecular and atomic hydrogen, being considered a tracer of the AGN feedback (e.g. Hicks et al. 2009; Müller-Sánchez et al. 2009; Rosario et al. 2010; Storchi-Bergmann et al. 2010; Riffel et al. 2015b) .
We estimate the ionized gas mass outflow rate through a circular cross-section with radius r =0.
′′ 25 (∼ 36 pc) at a distance of h =0.
′′ 5 (∼ 73 pc) from the nucleus, usinġ
where m p is the proton mass, N e is the electron density, v out is the velocity of the outflowing gas (v out = v obs / sin θ), f is the filling factor and θ is the angle between the axis of the cone and the plane of sky. We have assumed N e = 500 cm −3 which is a typical value for outflowing regions around Seyfert nuclei as derived using long-slit spectroscopy (e.g. Dors et al. 2014) , f = 0.01 (which is a value commonly used for other Seyfert galaxies - Storchi-Bergmann et al. (e.g. 2010) ; Schnorr-Müller et al. (e.g. 2014) ) and v out = 80km s −1 / sin θ (value obtained from the residual map of Fig. 8) . Pringle et al. (1999) have derived the orientation of the radio jet as being 50
• in relative to the line of sight and therefore θ = 40
• . The ionized gas mass outflow rate obtained under the assumptions above isṀ out ≈ 0.5 M ⊙ yr −1 , being similar to the value obtained by Schnorr-Müller et al. (2014) using optical observations, of ≈0.9 M ⊙ yr −1 , although these authors could not clearly resolve the geometry of the outflow due to their lower angular resolution. The obtained mass outflow rate is within the range of values obtained in previous studies of similar low-luminosity Seyfert and LINER galaxies (e.g. Barbosa et al. 2009; Storchi-Bergmann et al. 2010; Riffel et al. 2015b) .
The mass outflow rate can also be compared to that of a compact outflow seen in hot molecular hydrogen, which is 1200 times lower, but this is because the hot molecular gas emission traces only a small fraction of the total content of molecular gas (Dale et al. 2005; Müller-Sánchez et al. 2006; Mazzalay et al. 2013) . In any case, we note that the molecular gas outflow is oriented perpendicularly to the outflow observed in 
where v out = v obs / sin 40
• is the velocity of the outflowing gas and σ its velocity dispersion. Using σ ≈ 250 km s This kinetic power is lower than the threshold suggested by galaxy evolution models, above which the feedback is strong enough to influence the evolution of the host galaxy (Di Matteo et al. 2005) .
Although having concluded that the power of the outflow is low, our data allowed us to conclude that shocks due to the interaction of the radio jet with the galaxy circumnuclear interstellar medium play an important role both in the kinematics and in the emission and excitation of the et al. (2004) reported that the [Fe ii] line exhibits a much broader and more complex profile than the H 2 , being this broadening attributed to fast shocks resulting from interaction between the radio jet and the gas in its vicinity.
CONCLUSIONS
We have mapped the stellar population, emission-line flux distribution, gas excitation and kinematics of the inner 200 pc of the Seyfert 2 galaxy NGC 2110, using NIR J-and K-band integral field spectroscopy at a spatial resolution of ∼ 22 pc. This paper represents a continuing study of Diniz et al. (2015) , where we mapped the molecular gas and stellar kinematics of the nuclear region of NGC 2110. The main results of this paper are listed below.
• The young-intermediate age stellar population contribution is dominant in a ring-like structure at ∼ 140 pc from the nucleus. Similar structures have been found for other galaxies associated to low stellar velocity dispersion rings, leading to the conclusion that such rings are originated in stellar populations of ages between 100 Myr and 1 Gyr;
• The distribution of the oldest stellar population dominates the inner ∼ 130 pc, inside the ring;
• The distribution of the young stellar population (with contributions of up to 30 % of the continuum emission) is seen in the inner 0.
′′ 5 (70 pc), being co-spatial with regions of enhanced H 2 emission, indicating that the molecular gas represents the circumnuclear gas reservoir required for star formation; some recent star formation is also seen at a few locations at the external borders of the ring;
• Besides the contributions of the stellar populations, the nuclear region requires additional components to fit the continuum: a FC component represented by a power-law and a hot dust component (from the dusty torus) represented by black-body components, contributing with 10% and 35%, respectively, to the flux at 2.2µm. The estimated mass of hot dust in the nucleus is ∼ 0.03 M ⊙ ;
• The emission line flux distributions are distinct from each other. The H 2 emission is distributed over the whole field of view, while the H recombination lines emission is more extended along PA∼ −30
• . The [Fe ii] emission is more extended along the northsouth direction, being co-spatial with the radio emission;
• Based on emission-line ratios and the comparison of the [Fe ii] kinematics with the radio emission, we conclude that most of the [Fe ii] emission is produced by shocks due to the interaction of the radio jet with the ambient gas;
• Distinct kinematic components are seen for distinct emission lines. The H 2 kinematics shows a rotating disk component, a compact equatorial outflow within the inner 70 pc and inflows along spiral arms. The [Fe ii] kinematics, besides presenting also the rotating disk component, shows also a biconical outflow oriented along the north-south direction, following the direction of the radio jet;
• Further evidence of interaction of the radio jet with the [Fe ii] emitting gas are: an enhancement in the σ values and line ratio values indicating shock excitation in regions surrounding the radio jet;
• Using a kinematic model for the rotating disk component derived from the molecular gas kinematics and subtracting it from the [Fe ii] velocity field, we were able to isolate the outflow component. We derive an ionized gas mass outflow rate in this component ofṀ out ≈ 0.5 M ⊙ yr −1 at a distance of ∼70 pc from the nucleus; • The kinetic power of the outflow is 1.3×10 40 erg s −1 and is less than 0.05% of the bolometric luminosity of the AGN in NGC 2110, implying little influence of the corresponding feedback in the evolution of the galaxy.
